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.o ‘ correetlon for transverse: curvatux'e is requlred in sstlmatlng the h'lctlonul re- o ’
] Sietance of smail ship. rmodeis. ey - ARG
: A monucwzonf R S : £ é '
3 = - T4 is-gensiw 1,;:,' mp::esé ﬂ' t -the. frictional resistence of a f‘lat S
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%‘2’: bounidery layer beyond the edge of the n1 atet, with ithe. 1m\§licati N A
& acditional fluid has. 1ost momentum within the additional bc'.mdar, layew the
f ‘drag must. be greater. As an extensien of this argument Cometccx and Hancock, -
« {1)# heve reasoacd thet transverse curvature muse also 1ncrea 3. frictional .
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i .‘that, for- ‘?'he s._mea,ﬁeynolds number (cased on dovmstream dismx' S ﬂz-am, xore-
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, . thickness of boundary layer, and consequently, since the: area of‘ the sectionr S -
5,,"4 ; of the boundary dgyer would be slightly greater for the curvef“ sm!t‘ace, 1t
i f; *, ‘have retardeﬂ more fiuld end consequently have mre drag. Tnis argme'lt
"7 - Involves sevev 1 unsupported ‘asswiptions. Never-t‘qelese the ex“ﬂmimm.ts, of
§ i e l(empf {2) o the drag of axlaily {owed smooth cylin-ders 1rd1cate that fric- :
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. s o0 - bly inereases. the i‘rictional resistance of smell ship modéls, the -|rTest -
;’ ( t - diminishing, with :m_,,\eas,.ng size (‘_\_,;‘~ As & consequence, the- Erictional ) o
S ;.% e Resistance Committee of the American Towing Tahk COmerence ha*: ccnsidered 2 o
- g , 3 proposal for applying a curvature correctien to flat-plate friction <daig ‘when A
: ' % ) \ computing the frictiona.c resistance of @ small snip model. To evaluate tnis
5 NEERE ¥ B S -proposal, the. effect of transverse. eurvdture on frictional resisuance has - 3
iﬂ . _ ,been‘ ca1culated thee;eu 5611y, Do , . ) ;
N : .- \‘g e *Nunbers“:!.nfnerenthesesindi cute:Te \ A ‘ '
: ; e . \ - X : N ; ,
) N RN . ) ¢ \ {
f < RTINS TM‘_; . R "“‘;“L o 'j': e, \‘\ i ~ - 'i‘f“““ = "31“
) . , s o —h




et

R '1"‘EORY T e -

- - Ki +

- ' \1 To- determine ‘the effect of curvature it is proposed to compute the .

D A

S ~«¥.. o ratios of s, snearing stress and drag ‘of a ¢yiinder (with axis parallel\to ,
. _the stream; to ‘those on a 134t plate,‘for ‘the sarie. Reynolde number. The pro-

: cedure wi’& consist in decermincng the reﬂistance of a cyl;;;er by extending

{ : Prandtl's method (3; ’on ecmputing the resistance flat plate from- laws -

© derdived ’rom characteristi '8; of turbulent flow in plpes. The method assu*es

) ie 1/7th-pnwer law for the velocity disvribution nd Blasius' empiri al

. “formula for the shearing stress at the wall for & turbulent boundary layer.
Pobr a flat plate fhe ‘nethod gives results in good agreement with experiment :
for ‘Reynolds iimbers ‘between 2 x 10' and 2 % ¢ 107, theréby ind1cating that the ’

N assumed daws are independent of the curvature of the wall. In the: present

problem,.since EA 'resistance ¥ . the: curved and flat pxates'will be computed

A R upon the same basis, and we are concerned only with the ratio of ‘the' sheari

1 . stresses and drass, and not with their absolute velues, the res uits.should. e

: ' serve asV”,good approximation for &ven higher Reyiio1ds numberf '

calculations arerased upon the: followihg Tour equatiOns- thé
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T ' st is the empirical Blasius ;ormula for ‘ghe =ring stress.at a wall 1 e .
- turbulent boundary layer “the second represen s thg 1/7th-power aw of veloc- i
i Ity distribution, the third is the relatio uetween shearing stress and drag '
‘ . for a circular cylinder and the fourth is the momentum integral, “which states
2 - . that the .drag of 4, 1ength z of & cylinder is equa’ to the: loss of momentum of
£ S the Iluid»n“ the distance & from the hose of 1'he cylinder." . g
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‘ i APPLICATION '1‘0 A TOWED CYLINDER . : o - F j
X . - - 3 s:j
) Consider a smooth eyiinder of radius r and leng\;h 1 towed‘ 10,\_]81.1:“_ BRI ‘:
| . uinallyz at a velocity Uy, | Tt will be gupposed that thé nose and tallQst the o
{ . gydindey are faired, and that. 1/:* 18. 50 great that end effecr,g may ber\,\,g_ .
| 1égted.. -
‘ T J If D 13 the drag of the cylinder and ‘) the drag of a flat n \Jat;e of
¥ ~the same .I.euévu m.d Same:: deve_l,oned azc-e:a.£ qu.ations [1 6] and [18] ared\ n'e ctly




; g * APPLICATION TO SHIP FORMS i ) ' ! 945? \

LIV e - i rroe b MPENECL IS
. On.a. comu,x,ex geome'c“ LA surfas.e. such. a8 fhat, off:av,ship hul.L, the: ,
curveture of the transverse -sections variss from Doint to point. It,will be. k.
assumed that the shearins stress at each point depends only upont the trans~ ; '
verse radius of curvature r and the iongltudinal position % at the point. The B A
effect of longitudinal curvature and ‘the dhcrease £ veiloci’cy’*’duerw“uhe Setn 5
displacement flow are being. neglected in these calculations. . 4

fet 1 be the iength: of the ship {or 4mode1), k ‘the wetted surfate

area,, U the velocity, The radius- b of an equivalent semieq»merged cylinder:

will be defined by the relation ;j Sl am

A T \ (21
Tl e f’f‘:-;*r[if,:;]."
and 1t will be shown that the correction factor for curvature 1z given by
m‘nnntion F20} With ¢ and X replaced by Fand I, 4. e.
- 4 s TE S IR » . sar om -
e _n_ﬂ + 0. mau__&L el [22} ;
. PRI R B ANEEY A i B bl e e s s B
ot Subst ituting the Vélue;;gf ¥ from {271, . "
. 123}

Since R°™"% 313 9cf, where.’ cf 18 the spec&li‘ic frmtieaa;.l wa}.stance Tor 8. flgt

plate, [23) may also. be written as - ,;, TR T —— .
; D . 2 2R ) o
) 1 + 0 5 "'—« bt pe—F e SE— i —FE ,;.,;,.-:—;:;
. Do A Yy oL N3 N o - v P NS _

The value of 1*/A may be expeited to range from about. 10 for 4 fine
foin: to about 4 for a full form. cf rang:es from abtout 0. 006 for a smail
riodel at low speed %o sbout Us 0025-£0r -a-1arge madel . Hencte this our '.*e_*';;g;ve'
correct‘ion factor may ‘be-expected. o ‘range’ from: abgut. 1.4032.. fu: ‘a
at .low speed to. about - 14065 for a large- spadel.yel TLann T :

It remains tc be proved £hdat a semisubmer:;ed c:yflinden havingz sthe™

‘ same length and Awetted sur,race erea as‘ tne exup‘ w,....,q *,n; nnnordance ws_t,h 1233,
will ‘have. Ahe, ﬂnma gurva ure correctign.‘ - Let D be tne f'xj ;resis';ance
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of the ship form and Dt hat of the sem,lsupmerged eg,inue; Ta I’c Q .'!)9 L
proved that D= DY, e ‘
Since by .définition the’ senisubnerged Ciindér has the' dame iength
ahid wetted surface areg a8 ‘the .ghip form; the eﬂuivalent flat»plate pegistance 1 3
D, is the samé‘“‘f'oa. “poth. : * RN D
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Let d be an ele'mé_aﬁ of arc length alons a tranbVerse section, and
0.-the:. WW ,_ml&zﬁhtma of f.ha element. The friction rorce on the ship
rom ‘.?8 s o ‘ ‘ N Lo 4 Lt
e Duﬂrdxds | e 1 ;

B‘-\u Si-bstituting 708 ¥ from [19]. we get , L 752’7 .
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Now put ds = x-de gnd suppose. that the ship sides are Vertical at the water-
1ine, so that r) vgries from -n/2 to 1r/2 ‘along a tranaverse section. ‘Then
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'Heri¢s the mtegrals .4n {26] and {27] are equal, to that D= DI, ag we wizhed
$9 prove. I . o w»« e ez e
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(1) Lomstock, John B., and Hancock, \cea., ‘”Tbe Effect of: size of Towing .
_ Tank .on Model Resistanns, 'rrans. So¢. Naval Arch, Marine Eng., Vol. 50, pp '
Lo Mg 197;*19»3 . e o
B (a) }:e&gf' ﬁv.nthw-, "ﬁ'r:nér ,ders 'nsiba.n_nzswiderstand von Flfichen verschied-
. exier ugmﬂ é(on th& Frictional Resistance oi‘ sarfaces of various Fom), Pmc
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